Background: Type 1 diabetes is a serious, life-long condition which causes major health, social and economic burden for children, their families and the community. Diabetes management involves strict adherence to a complex regimen, and poor management and non-adherence are a persistent problem among children. Parent-child interactions and parenting have been identified as crucial points of intervention to support children's health and emotional well-being, yet few parenting interventions have been developed or evaluated for parents of young children. This paper describes a randomised controlled trial of a brief, group-based parenting intervention for parents of young children (2-10 years) with type 1 diabetes compared against care as usual (CAU). Methods/design: Families will be randomised to either Positive Parenting for Healthy Living Triple P or CAU. Positive Parenting for Healthy Living Triple P involves 2 × 2 h group sessions. Outcomes will be assessed via parent and child questionnaire, home observations and blood glucose monitoring at baseline, 1-month and 6-months post-intervention. Primary outcomes will be parent-and child-reported parenting behaviour, parent-reported child behaviour and adjustment, and parent-reported child quality-of-life. Secondary outcomes will include parental self-efficacy with diabetes management, illness-specific and general parenting stress, parent-reported child illness behaviour, family quality-of-life, observed parenting and child behaviour, and child's illness control.
Background
It is estimated that, on an annual basis, 70,000 children under 15 years of age develop type 1 diabetes worldwide [1] , and the incidence is rising globally with an estimated overall annual increase of approximately 3 % [2] . Type 1 diabetes is a chronic condition which requires constant attention and monitoring. Day-to-day management involves frequent blood glucose monitoring, multiple insulin injections, and regulation of carbohydrate intake and physical activity to prevent short-term and longterm complications [3] . Despite the problems associated with poor management, non-adherence to diabetes treatment regimens is a persistent problem, and adherence tends to be worse than for other chronic health conditions [4] . Rates of adherence for insulin injections have been reported to range from 20 to 80 %, about 65 % for dietary recommendations, 57 to 70 % for blood glucose monitoring, and 19 to 30 % for adherence to exercise regimens [5] . Research has established links between poor illness management and children's psychological health [6] , and behaviour [7] , which may in turn contribute to poorer diabetes control [8] .
Parents play an important role in management of diabetes, especially with young children when parents assume complete responsibility for illness management. Parents of children with type 1 diabetes need to integrate general parenting tasks, such as helping children manage their emotions and providing them with appropriate social and play experiences, with diabetes-specific tasks, such as maintaining optimal blood glucose levels and responding quickly and effectively to emergency situations (e.g., extreme hypoglycaemia). Management of type 1 diabetes in young children requires them to cooperate with their treatment regimen, yet research has demonstrated that children with diabetes tend to report more behavioural, adjustment and emotional problems compared to healthy children [9] [10] [11] .
The link between ineffective parenting and child behaviour problems [12] [13] [14] [15] has been clearly established, and it plays an important role in parenting children with diabetes [16] . Positive parenting behaviours characterised by positive, confident and effective parenting have been associated with better management of diabetes [17] , better child adjustment [17] , and diabetes-related quality of life [18] . Parenting and family factors also play an important role in child health outcomes. Factors such as positive and confident parenting have been linked with good diabetes control and treatment adherence in children [17, 19] . On the other hand, inconsistent and ineffective parenting practices (for instance, permissive parenting and overprotection) have been associated with poor metabolic control and adherence [20, 21] .
In spite of the clear links between parenting and child outcomes in the context of type 1 diabetes, a recent review highlights the scarcity of parenting interventions for this population [22] . Most existing interventions are educational in nature, focusing narrowly on the child's medical management rather than on the broader psychosocial context [23] [24] [25] [26] , despite evidence that behavioural interventions are more effective than educational interventions [27] . Although data on effectiveness of parenting interventions in children with type 1 diabetes is limited due to a relative dearth of well-controlled studies in this area, existing parenting interventions have demonstrated some potential for effectiveness in improving responsibility sharing and child cooperation in diabetes management, child behaviour difficulties, parental behaviour, parents' psychological distress and child health outcomes [22] . Interventions aimed at reducing family conflict and improving family communication have also led to improved adherence rates and health outcomes for adolescents with diabetes [28] [29] [30] .
Given the increasing prevalence of the condition, the reported difficulties with illness management, the higher levels of child behavioural and emotional problems and the lack of evidence based interventions, there is a critical need to establish the efficacy of parenting interventions for parents of children with type 1 diabetes so that evidence-based parenting programs can be made available to families. Parenting interventions which aim to improve positive parenting practices may lead not only to better general child behavioural and emotional outcomes, but also better child health outcomes. Interventions which focus on parental skills, parenting efficacy and effective self-regulatory skills can assist parents to manage their child's condition more effectively through developing better daily routines and encouraging their child's involvement in illness management [31] .
Application of triple P in type 1 diabetes
The Triple P -Positive Parenting Program is an established, evidence-based system of parenting intervention [32] . It is based on social learning principles, cognitivebehavioural and developmental theory, and aims to treat and prevent child behavioural and emotional difficulties by improving the skills, knowledge and confidence of parents, improving communication between parents, and reducing parental stress [33, 34] . Several meta-analyses have provided solid evidence that the program is effective in improving child behaviour and parenting outcomes [35] [36] [37] [38] . Triple P has been adapted for and found to be effective in different populations such as parents of children with a disability [39] , Indigenous families [40] , and parents going through a divorce [41] , among others.
To date there have been limited evaluations of Triple P with parents of children with a chronic health condition. Westruppet al. (2014) evaluated a 10-session individually delivered program (Standard Triple P) for parents of children with type 1 diabetes, aged 4-12 years. Parents randomly allocated to the intervention condition reported improved parent mental health, parenting skills and family functioning at 3 months post-intervention, but no effects were seen on child mental health, child behaviour and glycaemic control at either 3-or 12-month follow-up. Subgroup analyses revealed that the program was effective in improving child behaviour in children with preexisting internalizing and externalizing behaviour problems, with moderate-to-large effect sizes at 3 months post-intervention [42] .
Another study by Doherty, Calam and Sanders [43] evaluated whether the Self-Directed Teen Triple P workbook (10 modules) plus a chronic illness tip sheet could reduce diabetes-related family conflict and parental stress in parents of adolescents (aged 11-17 years) with type 1 diabetes. Participants in the intervention group reported significantly improved diabetes-related family conflict problems after participating in Triple P compared to those in usual care. However, no significant difference was found between groups for parental stress [43] .
In both of these studies, the content of the program was neither adapted nor tailored specifically for parents of children with type 1 diabetes or any other health condition (except for the addition of a chronic illness tip sheet in the study by Doherty et al. [43] ), and this may be one reason why effects were seen on some outcomes but not others. Also, both used lengthy interventions (each lasting 10 sessions), which may be difficult to implement with this population considering that the day-to-day management of diabetes is in itself challenging and time-consuming. With this in mind, we set out to investigate whether a brief, tailored adaptation of Triple P designed for parents of children with a chronic health condition (Positive Parenting for Healthy Living) would be effective in improving outcomes for parents and children with type 1 diabetes.
Positive Parenting for Healthy Living [44] is a twosession group program, with each session lasting about two hours. A brief, tailored program may be beneficial for families by minimizing the time required to participate in the program, resulting in increased parent attendance [45] . Parents of children with a chronic health condition often report feelings of isolation and lack of social support [46] [47] [48] ; thus, a group program may provide an opportunity to connect with, discuss and learn from experiences of other parents experiencing similar issues, while improving cost-efficiency. This program has already been evaluated in a randomised controlled trial with parents of children with asthma and/or eczema (Morawska A, Mitchell A, Burgess S, Fraser J: Randomised controlled trial of Triple P for parents of children with asthma or eczema: Effects on parenting and child behaviour, submitted), which compared intervention to care as usual at baseline, 3-and 6-month follow-up, and demonstrated significant improvements in use of effective parenting strategies, parent stress, general as well as illness-specific child behaviour problems, parents' confidence with illness management, and health-related quality of life for parents and families, with moderate to large effect sizes. Clinically and statistically significant improvements in parent-reported asthma and eczema severity were also reported, and results support the need for further research examining the effect of parenting interventions on illness management and health outcomes for other chronic health conditions.
A program with a generic condition approach was chosen for this study because primary care and community health services are more likely to care for children with a range of chronic health conditions; thus, a program addressing the common issues and concerns across different health conditions (with examples tailored for specific condition groups) may be more helpful from a large-scale population dissemination perspective. This is the first randomized controlled trial to test the efficacy of the Positive Parenting for Healthy Living program for parents of children with type 1 diabetes. Given the scarcity of parenting interventions for this population, and demonstrated efficacy of the program in the asthma and eczema context, the program may have the potential to improve parent and child outcomes in the type 1 diabetes population.
Aims and hypotheses
This study aims to use multi-informant assessment to test the efficacy of Positive Parenting for Healthy Living for parents of children with type 1 diabetes. Specifically, the primary outcomes will be: (i) parent self-reported parenting behaviour; (ii) child-reported parenting behaviour; (iii) parent-reported child behaviour and adjustment; and (iv) parent-reported child health-related quality-of-life. Secondary outcomes will be: (i) child's metabolic control (as indicated by HbA1c and within-range blood glucose readings); (ii) parents' self-efficacy with diabetes management; (iii) parent-reported illness-specific child behaviour problems; (iv) parent-reported family quality-of-life; (v) parents' diabetes-related stress and (vi) general parenting stress; (vii) observed parenting behaviour; and (viii) observed child behaviour. We hypothesise that, compared to a CAU group, the intervention group (INT) will show significantly greater improvement on each outcome measure at (a) post-intervention and (b) 6-month follow-up.
Method

Approach and methodology
This research will evaluate a brief skills-training program for parents of children with type 1 diabetes in a randomised controlled trial comparing the parenting intervention against care as usual. A care as usual group was chosen as the comparator to allow for evaluation of the intervention against current practice. The CONSORT guidelines for randomised controlled trials will be used.
Design
The study is a 2 (Triple P vs CAU) × 3 (time: pre-test, post-test, 6-month follow-up) design superiority trial with 1:1 allocation ratio. Table 2 ). Ethics amendments approval will be sought before any further modification to the protocol is made. Any further approved changes to the protocol will also be updated on the trial registry.
Participants
Participants will be 60 families of 2-10 year old children with type 1 diabetes, recruited through primary care settings, paediatric specialists, specialist clinics at major Brisbane hospitals, and through targeted mail-out and media campaigns. Diagnostic confirmation of the child's diabetes will be sought from the child's treating diabetes team.
Inclusion and exclusion criteria
Parents of children aged 2-10 years with type 1 diabetes will be recruited. Parents must be concerned about their child's behaviour, emotions, or illness management to be included in the study. Parents will be excluded if: (i) the child has a disability, including language and speech impairment; (ii) parents are currently seeing a professional for the child's behaviour difficulties; (iii) the child has been diagnosed with type 1 diabetes for less than three months; (iv) parents are currently receiving psychological help or counselling; (v) parents are intellectually disabled; or (vi) parents do not read and understand English.
Recruitment
Participants will primarily be recruited through in-clinic recruitment at the Endocrinology Clinic of the Lady Cilento Children's Hospital (Brisbane, Australia). All parents with a child between 2 and 10 years of age with a diagnosis of type 1 diabetes listed on the hospital database will be mailed a letter of invitation to participate in the study. Parents can register their interest in the study by phone, email, or on the study website. Parents will also be encouraged to discuss any questions or concerns regarding participation with a member of the research team who will be present in the clinic.
Recruitment brochures and posters will also be distributed and displayed at GP clinics and paediatrician offices across the Greater Brisbane area. In addition, information about the study will be emailed to Brisbane schools for inclusion in school newsletters. The same information will also be available through advertisements posted on websites and social media pages of relevant organisations, such as Diabetes Queensland and the Juvenile Diabetes Research Foundation, Australia. Other sources of recruitment include advertisements in the University of Queensland staff newsletter and posts on diabetes-specific parenting forums.
Interested parents will be assessed for eligibility and enrolled in the study by the study coordinator. Following eligibility screening, both parents will complete self-report assessment measures as relevant, and a home observation and child report measures will also be completed. All parent and child participants will receive information and consent forms detailing the project, and consent will only be gained once participants have had an opportunity to address any concerns or questions. Consent will also be sought to contact the family's diabetes team to obtain confirmation of the child's diagnosis and details of illness status. Participation will be completely voluntary and participants will be free to withdraw at any time. No further data will be collected from participants who actively withdraw from the study. Any families needing additional help at follow-up will be provided with appropriate referrals to community-based professional services. Participants will be provided with contact details for the research team and ethics committee should they need to report any adverse events. Detailed progress reports will be submitted to the relevant ethics committees annually, and any adverse events will be reported within 72 h.
Randomisation
Randomisation of participants to either the INT or CAU group will be done using a random allocation sequence, generated by a researcher not involved in the project, using a computer-based random number generator. A pre-prepared series of sealed opaque envelopes, each labelled with a participant ID number and containing a Randomisation Notification Letter, will be used to conceal the group allocation from researchers and participants until after completion of the baseline assessment. Participants in either group will continue to access their regular medical treatment with their child's diabetes team.
Immediately after completion of the baseline home observation session, the research assistant conducting the home visit will open the envelope, and participants will be notified of their condition. The Randomisation Notification Letter will be provided to the participant to retain for their records.
Participants will be assigned to intervention sessions based on individual preferences for day, time, and location, depending on availability of groups. Participants will be assigned to intervention sessions as soon as possible after randomisation. The flow of participants through the study is summarised in Fig. 1 .
Due to the nature of the intervention, neither participants nor research staff can be blinded to condition allocation, with the exception of coders who will code randomlyallocated video files of home observation sessions and remain blinded to participant allocation and assessment time-point. Since other research staff will not be blinded to allocation, a data monitoring committee is not needed.
Intervention
The intervention will consist of two, 2-h Positive Parenting for Healthy Living group discussion sessions. The content of the sessions draws on the theoretical principles that form the basis of Triple P [32] . The sessions are designed to be interactive and provide opportunities for discussion.
The proximal targets of the intervention are parenting skills and confidence relating to both general child behaviour, and behaviour problems specific to illness management. The intervention aims to increase parental self-regulation, promote child self-regulation, increase positive parenting practices to promote child cooperation (particularly relating to illness management), lead to consistent discipline and promote routine, and enhance parents' capacity to take care of themselves in order to reduce parenting stress and improve family wellbeing. The intervention will be conducted by parents with their children and there will be no direct contact with children in terms of intervention delivery.
Positive parenting for healthy living -part I
The first session is designed as an introduction to the principles of positive parenting in the context of child chronic illness management. It begins by exploring the impact of the child's condition on the child, parent, and family, and introduces the principles of positive parenting as a way to promote children's development and manage children's behaviour and emotions in a constructive way.
It aims to assist parents to develop strategies to manage their child's condition effectively while minimising the impact on the child and family by continuing regular activities, having realistic expectations of their child and themselves, involving the child in age-appropriate diabetes management tasks, reducing child and family stress, balancing work and family, working as a team, communicating effectively with 
Positive parenting for healthy living -part II
The second session will be conducted one week after the first session. It aims to build on the principles of positive parenting introduced in Part I, to promote positive practices, assist parents to develop effective disciplinary methods, and help create environments conducive to caring relationships between parents and their children. It begins with a discussion of why children with chronic health conditions may be at risk of behaviour problems, before examining common parenting traps from the perspective of parenting a child with a chronic illness. The session focuses on providing parents with strategies that will empower them to prevent and manage problem behaviours and ensure their children are implementing their illness prevention and management plan appropriately (e.g., taking medication as prescribed, using devices correctly). Assertive discipline strategies are also discussed, including giving clear instructions, using praise effectively, and managing disobedience and problem behaviour. Parents will also be provided with a 'Communicating with Others' tip sheet, developed for this study, outlining suggestions for how to effectively communicate and work together with the child's other caregivers and health care professionals. Finally, parents will be encouraged to take their child to regular, ongoing visits with their diabetes team.
Care as usual condition Families in CAU will complete assessments at baseline, 6 weeks later, and then again at 6 months. During this time, families will continue to receive regular medical management from their usual diabetes team, as appropriate. After the 6-month follow-up assessment, families will be offered participation in the intervention.
Protocol adherence Each practitioner delivering the intervention will be trained using a standardised system of training and accreditation, designed to promote program use and fidelity. Practitioners deliver Triple P according to a standardised manual and follow treatment delivery protocols, and complete protocol adherence checklists for each session conducted. These will be reviewed and coded by a research assistant familiar with the protocols for adherence. Practitioners will receive regular clinical supervision. Group sessions will be videotaped and independently coded for protocol adherence, using structured session checklists. The interrater reliability (kappa) of this coding will be assessed for 25 % of videotaped sessions by a second rater. Table 1 provides a summary of the assessment measures. Socioeconomic status (including income, occupation status, parent education), ethnic background, single parenting, and parent age, as well as child age, gender and health will be assessed using the Family Background Questionnaire (FBQ) [49] . One parent will complete this measure, but all other parent-report measures will be completed by both parents, where relevant.
Assessment
All parent-report measures will be provided in a written (online or printed) self-administered questionnaire format, and will take approximately thirty minutes to complete.
Primary outcome measures Parenting behaviour
Parent-report The Alabama Parenting QuestionnaireParent report (APQ-PR; Frick PJ: The Alabama Parenting Questionnaire, Unpublished) is a 42 item measure of parent-reported parenting style, assessing aspects of positive parenting (α = .80), involvement (α = .80), inconsistent discipline (α = .67), poor supervision (α = .67), and corporal punishment (α = .46). The typical frequency of each parenting behaviour is rated using a 5-point scale ranging from 1 (Never) to 5 (Always). The measure has demonstrated convergent validity with independent observations of parenting behaviour [50] . For the purpose of the present study, we will be excluding the 'poor supervision' subscale (10 items) because type 1 diabetes in young children requires ongoing supervision from parents, making these items less relevant Program satisfaction Parent Satisfaction Questionnaire [62] Child Satisfaction Questionnaire [64] for our participants. Thus, parents will complete a 32 item measure of parenting behaviour.
Child-report Children aged 4 years and older will complete the printed Alabama Parenting QuestionnaireChild Report (APQ-CR; Frick PJ: The Alabama Parenting Questionnaire, Unpublished) at each assessment time point. The child-report contains 51 items (there are two parts to each of the involvement questions -one for mother involvement, and one for father involvement) measuring child-reported parenting style, assessing involvement of mothers (α =. 72) and fathers (α =. 83), aspects of positive parenting (α =. 74), inconsistent discipline (α = .56), poor supervision (α = .69), and corporal punishment (α = .44).
The typical frequency of each parenting behaviour is rated using a 5-point scale ranging from 1 (Never) to 5 (Always).
For reasons similar to the APQ-Parent Report, the 'poor supervision' subscale (10 items) will be excluded for the APQ-Child Report as well, resulting in a 41-item measure of parenting behaviour that children will complete. Children will complete this questionnaire during home visit sessions. The parent will not be in the room with the child during this segment. A member of the research team will remain in the room to provide assistance to the child in completing the questionnaire, as needed. The findings from this questionnaire will be interpreted with caution as the initial validation study revealed that young children (below 9 years) are more likely to respond using a consistent response set, either answering high or low on all items [50] . However, the child-report form has been used with young children to evaluate associations between parenting and child outcomes [51] . As children at different ages may interpret and understand questions in different ways, and since their perceptions may be influenced by the events of a particular day, their mood, and various other things happening around them, extra care will need to be taken when drawing inferences from child responses.
Child behaviour and adjustment
Parent-report General child behaviour will be assessed using the Child Adjustment and Parent Efficacy Scale (CAPES) [52] , a 30-item measure of parental perceptions of child behavioural and emotional adjustment. Parents rate each item from 0 (Not true at all) to 3 (True most of the time) depending on how true the statement was for their child in the past 4 weeks. Items are summed to yield a total intensity score (range of 0-90), a behaviour score (range of 0-78), and an emotional maladjustment score (range of 0-12), where higher scores indicate higher levels of problems. The Confidence Scale consists of 20 items and measures parents' level of confidence in managing child emotional and behavioural problems. Parents rate each item from 1 (Certain I can't do it) to 10 (Certain I can do it) depending on how confident they are in successfully dealing with their child's behaviour. The possible range for this scale is 20-200, with higher scores indicating greater levels of parent efficacy. This measure has demonstrated good internal consistency for both Intensity (α = .90 and .74 for behavioural and emotional subscales, respectively) and Confidence (α = .96) scales [53] .
Child's quality of life Parent-report Children's health-related quality of life will be assessed using the PedsQL4.0: Pediatric Quality Generic Core Scale [54] , which is a 23-item measure assessing the core dimensions of health (physical, emotional, social and school functioning). Parents rate each item from 0 (Never) to 4 (Almost always) depending on how true the statement was for their child in the past month. Two summary scores (physical and psychosocial health) and a total score are calculated. Items are reverse-scored and transformed on a scale from 0-100 (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0), and mean item scores are used to calculate summary and total scores. Higher scores indicate better quality of life. It has high internal consistency (α = .90), distinguishes between healthy children and children with acute and chronic health conditions, as well as disease severity within a chronic health condition, and is sensitive to change.
Secondary outcome measures
Child's illness severity and control Parent-report Parents will provide diabetes-specific information as well as information regarding the child's illness severity and control at baseline, including the child's age at diagnosis, the date and value of child's most recent HbA1c, target blood glucose ranges (before meals, after meals, at bedtime and overnight), the current treatment regime (insulin/pump therapy/use of continuous blood glucose monitoring device), parentchild responsibility-sharing in diabetes management, and frequency and description of hospitalisations due to diabetes complications.
Monitoring To obtain an indication of short-term metabolic control, parents will also be asked to provide a record of routine blood glucose readings (from the child's blood glucose meter or a paper diary) for the last 28 days. The readings will be directly downloaded from the child's blood glucose meter at each home visit session (via Diasend software: www.diasend.com/au/), and a copy of readings will be taken for those keeping a diary record. After the readings are downloaded, the researcher will ask the parent: How do you think the child's blood glucose readings in the last month compare with how his/her readings are normally? Was the last month fairly typical? The researcher will make note of any circumstances which were not typical such as illness, school holidays, etc.
The blood glucose readings downloaded at the home visits will be checked against the target ranges for inand out-of-range readings. This will provide us with an indication of whether the intervention was helpful in bringing the blood glucose values into the target range at 1-month post-intervention and 6-month follow-up.
Diabetes team report
The target blood glucose ranges for each child will also be obtained from their diabetes team at the time of their enrolment in the study, which will be used to check for in-and out-of-range readings. Glycosylated haemoglobin (HbA1c) levels will be obtained from the child's diabetes team at the time of their routine medical review. HbA1c levels provide an indication of an individual's average blood glucose concentration over the previous 3 months, and are considered the best marker of longer-term diabetes control. As a reference point, the HbA1c levels are usually between 4.0 to 6.0 % in individuals who do not have diabetes. In Australia, HbA1c targets for children and adolescents with type 1 diabetes are <7.5 % [55, 56] . HbA1c levels of 8.0 % or above may indicate that tighter control of blood glucose levels is required. Similar to blood glucose values, change in HbA1c values will provide us with an indication of whether the intervention has an effect on longer-term glycaemic control.
Diabetes self-efficacy
Parent-report The Self-Efficacy for Diabetes Scale (SED) [57] will be used to assess parents' self-efficacy for managing their child's diabetes. It contains 22 parenting tasks associated with diabetes management, and parents rate their confidence with performing each task on a 5-point scale (1-Very sure I can't to 5-Very sure I can), indicating how much they believe they can or cannot do what is asked now. The scale has demonstrated good internal consistency (α = .87).
Child illness behaviour
Parent-report Child illness behaviour will be assessed using the Diabetes Behaviour Checklist (DBC) [58] , which consists of 24 behaviours that parents of children with diabetes often have to manage. Parents rate each item on a 7-point scale, from 1 (Not at all) to 7 (Very much), depending on the extent to which behaviours have been a problem for them with their child in the past 4 weeks (Extent score). Parents also rate their selfefficacy (Confidence score) for successfully dealing with each behaviour on a 10-point scale, from 1 (Certain I can't do it) to 10 (Certain I can do it). 
Family quality of life
Parent-report Parent and family quality of life will be evaluated using the 36-item PedsQL Family Impact Module [59] . This measure encompasses six scales measuring parent self-reported functioning (physical, emotional, social and cognitive functioning, communication, worry), and two scales measuring parent-reported family functioning (daily activities and family relationships). This measure yields a total score (α = .97), and two summary scores [parent health-related quality of life (α = .96) and family functioning (α = .90)]. Parents rate each item from 0 (Never) to 4 (Almost always) depending on how true the statement was for them and their family in the past month. Similar to the PedsQL Generic Core Scale, items are reverse-scored and transformed on a scale from 0-100, with higher scores indicating better quality of life.
Parenting stress
Parent-report General parenting stress will be evaluated using The Parenting Stress Index/Short Form (PSI/SF) [60] , which is a 36-item self-report instrument designed to measure the relative magnitude of stress in a parent-child system and to identify the sources of stress. Parents respond to each statement using a 5-point scale (from Strongly Agree to Strongly Disagree), to indicate the degree to which that item describes their beliefs. The PSI yields three subscales, including Parental Distress, Parent Child Dysfunctional Interactions, and Difficult Child, as well as a Total Stress score. The PSI/SF is highly correlated with the full-length PSI instrument (r = .94), and the 2-week test-retest reliability of the full-length PSI with the PSI/SF is r = .95.
The Parent Experience of Child Illness Scale (PECIS) [61] is a 25-item self-report scale which assesses parents' adjustment to the experience of their child's chronic illness. Parents rate their thoughts and feelings over the past month on a 5-point scale from 0 (Never) to 4 (Always). This measure provides scores on four subscales: Emotional Resources (range 0-20), Long-Term Uncertainty (range 0-20), Guilt and Worry (range 0-44), and Unresolved Anger and Sorrow (range 0-32). This measure has acceptable reliability (ranging from α = .72-.89), and evidence of construct validity for all subscales.
Parenting and child behaviour
Home observation After parents complete questionnaires, families will participate in a forty-minute home observation session at each time point, to provide an objective assessment of child and parent behaviours, and skill in illness management. The observation will consist of three segments: (i) a diabetes management segment, where the parent will provide or supervise the child's regular illness management, i.e. check the child's blood glucose level, and administer the child's regular insulin injection or change the insulin pump site, as relevant; (ii) a mealtime observation segment, where the child will participate in a typical mealtime with their family; and (iii) completion of the Alabama Parenting Questionnaire-Child Form with the child.
Observations will be videotaped and coded by trained research assistants blind to group assignment. Interrater agreement will be calculated by having a random 25 % of videotapes coded by a second research assistant.
A modified version of the Mealtime Observation Schedule (MOS; Sanders MR, Le Grice B, Turner KMT: Mealtime observation schedule: An observer's manual, Unpublished) will be used to code appropriate and inappropriate child and parent behaviours. Each behaviour is rated as present or absent in each 10-s interval. We are currently piloting this modified version of the MOS. In addition, for the diabetes management segment a global rating of parent-child interactional tone will be made on a 9-point scale from 1 (Very positive) to 9 (Very negative).
Program satisfaction measures
Parent-report Following the intervention, parents will complete a 13-item Client Satisfaction Questionnaire [62] , which measures the participants' satisfaction with the services they received. Parents use a 7-point scale to rate 10 items assessing the quality of the service received, the extent to which the program met their own and their child's needs, and how much the program helped the parents develop skills and improve their child's behaviour. The item scores will be summed to generate a total score ranging from 10 to 70, with higher scores indicating greater program satisfaction. The rest of the items are posed as open-ended questions. This measure is an adaptation of the Therapy Attitude Inventory [63] , which has demonstrated high internal consistency (α = .88) and discriminant validity.
Child-report Following the intervention, children will complete a 6-item Child Satisfaction Questionnaire [64] , which addresses questions about the extent to which the child was aware of their parents undertaking a parenting program, and any changes that the child noticed in their parents' interactions with them since participating in the program. Children will rate five items: whether they feel they are getting along better with their parents, how well their parents manage misbehaviour, whether they think that their parents learnt useful things in the program, whether their parents have been saying more nice things to them after the program, and if they are pleased that their parents did the program, on a 5-point scale, with responses ranging from No to Heaps more. The item scores will be summed to generate a total score, with higher scores indicating greater child satisfaction.
Data management
All research investigators and the research coordinator will have full access to the data collected, and will be jointly responsible for data collection, data entry, analysis and write-up of results. To maintain the confidentiality of data, all hard copy records, such as screening interview forms, questionnaires, and consent forms, will be kept in a locked filing cabinet in a locked office at the University. Data from printed and online questionnaires, as well as blood glucose data, will be entered into a computer file. Digital recordings of home visit data will be stored in a computer file and backed up to external hard drives. Data in computer files will be kept in password-protected files within the University computer network. Security with regard to online questionnaires will be maintained by the University. Data collected from participants will be stored in a re-identifiable format for 7 years after completion of the project in accordance with ethics committee requirements. The chief investigators of the study will have access to the final trial dataset, and any request to access deidentified data will go through the chief investigators. Any publications arising from this research will be devoid of any identifying information and results will be reported in an aggregate form only. Full study protocol will be published in a peer-reviewed journal.
Statistical analyses
Prior to conducting the main analyses, data will be screened for distributional assumptions (e.g., univariate and multivariate normality, outliers, and multi-collinearity) as well as inter-and intra-measure consistency. Preliminary analyses will also investigate whether the study groups differ on any demographic or clinical characteristics at baseline. Group differences in baseline characteristics will be examined via linear (for continuous outcomes) and logistic (for categorical outcomes) regression models. It is anticipated that the groups will not differ at baseline due to randomisation to study conditions. If baseline group differences are detected, we will investigate and report the extent to which the results from the planned analyses described below are altered, when these differences are statically controlled. For missing data points, an analysis of missing data will be conducted (see paragraph below on missing data) and imputation methods will be considered [65] . Data analysis will follow the intention-to-treat principle, which means that the study population subjected to the analysis will consist of all randomised individuals.
Primary analyses
The primary analyses will evaluate the effects of the intervention on parent and child outcomes. These analyses will include reports obtained from parents who were the primary receivers of the intervention as well as reports on child's illness severity and observational assessment. A multilevel modeling approach will be used to take into account the repeated measurements and thus non-independence of observations [66] . Dummy codes contrasting the groups will serve as fixed effects, allowing for random intercepts and slopes to vary across individuals. Significant fixed effects contrasting INT with CAU will indicate whether the intervention is an improvement over usual care. Separate models will be estimated for each outcome measure using Bonferroni correction to control for inflation of Type 1 error due to multiple comparisons.
Secondary analysis
The secondary analysis will take advantage of the multiple-informant design of the study. We will investigate if the effects of the intervention are the same for parents who attended the intervention as opposed to their partners or their children, with respect to parenting practices, child adjustment, parental self-efficacy (general and diabetes management related), family quality of life and parental stress. We will apply a multilevel modeling approach adopted for dyads (mother and father) or triads (mother, father, and child) [67, 68] to model change in outcome variables for mothers, fathers and children individually while accounting for similarities within dyads or triads. We will investigate whether the intervention is beneficial for both parents, or has different effects for a parent who participated in the intervention as opposed to one that didn't. Further, we will examine if the changes in parenting practices are the same as reported by mother, father and the child. Finally, we will evaluate whether the intervention has an effect on the family as a whole, such as decreasing discrepancies between mothers and fathers.
Sample size and power analysis
The required sample size for the study was calculated to assure 80 % power to detect an effect size of ES = .5 for a mean difference in rates of change in the variables of interest between the groups (INT vs CAU and/or mother vs father vs child). This effect size is categorized as medium based on Cohen's guidelines and has been chosen based on our previous research [35] . In multilevel models with repeated measures, the sample size is effectively the number of observations (the level-1), not number of participants (level-2 units). We performed power analysis using G*Power software [69] for rANOVA, looking at the within-between interactions and allowing for conservative estimate of intra-individual variability (.5). The analyses indicated that a sample size of 50 is sufficient to detect an ES of .5 at the significance level of .05 (two-tailed). This is without taking into account the added power accorded by the rich repeated measures in our data. Assuming 16 % attrition rate, an available sample of 60 families will be sufficient to detect medium sized effects.
Missing outcome data
In any longitudinal design it is inevitable that some individuals will drop out from the study. For this reason, the study sample size was calculated to allow for a dropout rate of 16 %. Assuming that the complete data may only be available for 84 % of families at the end of the study, intentionto-treat analysis will be applied to allow all randomized families to be included in the analyses. Missing data will be accommodated via implementation of full information maximum likelihood analysis (FIML). This approach yields intention-to-treat estimates consistent with what would be expected if there were no missing data, given that the assumptions of either Missing Completely at Random (MCAR) or Missing at Random (MAR) are met [65] .
Discussion
This protocol paper outlines the background and design of a randomised controlled trial of Positive Parenting for Healthy Living for parents of children with type 1 diabetes. This study will be the first to trial this version of Triple P program in this population, and will help address the dearth of well-controlled parenting intervention research for parents of children with type 1 diabetes. This project will employ a rigorous methodology, with multi-domain and multi-informant assessment in order to inform future intervention development and tailoring. In this study, we are taking a novel approach in shifting the focus of diabetes management from a traditional medical management approach to a more holistic approach which includes parenting intervention as a component of an illness management plan. In addition, including perceptions of intervention outcomes of both parents and children and applying an advanced statistical approach to modelling family system data will assist in expanding the theoretical understanding of outcomes and tailoring the intervention to better ensure sustainability of outcomes, as eventually it is the children that are the target and assumed beneficiaries of parenting programs. However, since this area is still in infancy and there is a paucity of well-validated child assessment measures for young children, it raises certain methodological concerns, such as the validity and interpretation of child responses. Thus, special care and caution will need to be exercised when interpreting child responses in this study.
Recruitment and enrolment to the study commenced in April 2014, and will continue until mid/late 2016. Results will be published in a peer-reviewed journal when the data collection and analyses are complete. It is expected that participating in a brief, group-based parenting intervention has the potential to decrease ineffective parenting behaviour, improve general child and illness behaviour, improve child and family quality of life, reduce parent stress, enhance parental self-efficacy and improve child's illness control. We would like to thank Professor Jennifer Batch, Dr. Andrew Cotterill, and nursing and medical staff at the Lady Cilento Children's Hospital Endocrinology Clinic for their help in recruitment processes at the hospital.
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